To examine the possibility that the concentration of circulating proinsulin-like material (PLM) might be helpful in evaluating the therapeutic response of patients with islet cell tumours, serum levels of PLM in three patients with islet cell tumours were correlated with hypoglycaemic symptoms and plasma glucose concentrations before and after treatment. In two patients ranges of fasting PLM concentration were 0.21-0.29 and 0.91-0.93 ng/ml, respectively, before treatment. After surgical excision of their islet cell adenomas, PLM concentrations decreased to 0.06-0.09 and 0.03-0.05 ng/ml. Insulin concentrations were low preoperatively in both patients and were unchanged postoperatively. The resulting relief from hypoglycaemia was paralleled by a reduction of PLM, with no significant change in insufin. In a third patient, treatment with streptozotocin resulted in marked symptomatic improvement, a 65 % reduction in PLM concentration, but no significant change in insulin levels. Relapse was associated with increasing frequency of hypoglycaemic symptoms and increasing PLM concentrations. These findings suggest that changes in the levels of serum PLM may prove to be a sensitive indicator of the response of islet cell tumours to therapy.
A high proportion of patients with islet cell tumours have elevated circulating concentrations of proinsulin-like material (PLM) [1] [2] [3] [4] . Some of these patients may have relatively normal insulin levels [5] . Under these circumstances, we have considered the possibility that changes in the levels of endogenous PLM might be an important indicator of the response of the tumour to therapy. We have therefore correlated PLM concentrations with changes in plasma glucose and hypoglycaemic symptoms in three such patients with islet cell tumours before and after treatment.
Material and Methods

Subjects
Three patients with islet cell tumours were studied. Patient 1 (GW) is an 80 year old woman who developed hypoglycaemia after 3-10 h of fasting. At surgery, a single islet cell adenoma was found. Full details about this patient have been published [5] . Patient 2 (PL) is a 56 year old male who was repeatedly hypoglycaemic after 8-24 h of fasting. At surgery, two islet cell adenomas were removed. No evidence of parathyroid or pituitary disease was evident. Patient 3 (MC) is a 78 year old woman whose islet cell carcinoma was diagnosed at laparotomy. The tumour surrounded the celiac axis and was unresectable. No hepatic metastases were detected at surgery or by hepatic scintigraphy or arteriography. When initially seen, severe hypoglycaemia regularly occurred after 1-2 hrs of fasting. She was treated with streptozotocin (1.75 grams weekly) for 5 weeks. After the fifth dose she refused further treatment because of severe nausea and vomiting which occurred during the 36 h following each dose. No haematologic, hepatic or renal toxicity was detected during the treatment period. 
Sample Collection
Three preoperative serum samples were obtained from patient 1 at the onset of hypoglycaemic symptoms and two from patient 2 after an overnight fast. Postoperative samples from both these patients were obtained after an overnight fast, one and six months after surgery. Simultaneously plasma glucose levels were determined on each sample. Serum samples from patient 3 were obtained before treatment, one week after the last injection of streptozotocin and thereafter when changes in the frequency of her symptoms were evident. Each specimen from this patient was obtained when she was hypoglycaemic (plasma glucose 30-38 mg/dl). All samples were frozen in plastic vials at -20 ~ C until assayed.
insulin immunoreactivity present in the early eluting peak on gel filtration. The PLM concentration read from the insulin standard amounts to approximately 25-30% of the value that would be obtained by calculating the early eluting peak from a human proinsulin standard. Total IRI in unfiltered sera and insulin and PLM concentrations after gel filtration are expressed in nanograms per milliliter of serum. Normal fasting values (mean -+S. D.) in our laboratory for total immunoreactive insulin (IRI) are 0.36+0.17 ng/ml (9.0_+4.4 ~tU/ml); for insulin 0.30+0.16 ng/ml (7.6+3.9 ~tU/ml); for PLM 0.16_+0.09 ng/ml (read against a human insulin standard) and for percent proinsulin t 2.8_+4.6%. Plasma glucose was measured by Technicon-Autoanalyzer.
Analytical Methods
Gel filtration of 1.0-2.0 ml of unextracted serum samples from patients 1 and 2 were carried out on i x 50 cm columns of Bio-Gel p-30 equilibrated in borate-albumin buffer, pH 8.0. Whole serum for total serum immunoreactive insulin (total IRI) as well as each gel filtration fraction were assayed in a double antibody insulin radioimmunoassay against a human insulin standard [6, 7] . Unextracted serum samples from patient 3 were gel filtered on 1 x 50 cm Sephadex G-50 (fine) columns according to the method of Gorden and Roth [8] , except that elution was performed with a 3% albumin-barbital buffer, pH 8.6. Total IRIin whole serum, as well as the immunoreactive material in each gel filtration fraction, were measured in a double antibody insulin radioimmunoassay [9] against a porcine insulin standard. Porcine and human insulin standards did not differ by more than 5 % in this assay. The percent PLM iepresents that portion of the
Results
Preoperative and postoperative serum insulin and PLM concentrations, percent PLM and plasma glucose values for patients 1 and 2 are shown in Tables 1  and 2 , respectively. In patient 1 the range of fasting insulin was 0.09 to 0.16 (2.3 to 4.0 ~tU/ml) when the plasma glucose was less than 34 mg/dl. Postoperatively, the patient became asymptomatic, but there was no significant change in the insulin concentration. However, the 3-fold decline in the absolute concentration of PLM postoperatively resulted in a fall in the percentage of PLM from a mean value of 66.5 to 33.8%. The preoperative samples in patient 2 were obtained after an overnight fast and not when the patient was frankly hypoglycaemic. Postoperatively, after a similar overnight fast, total IRI fell 5-fold to 0.20 and 0.28 ng/ml (5.0 and 7.0 IxU/ml), plasma glucose rose to 119 and 122 mg/dl and the patient became asymptomafic. On gel filtration, however, the insulin con- centrations were not different from the preoperative levels, but the PLM and percentage PLM were reduced to 0.03 and 0.05 ng/ml (0.75 and 1.25 ~tU/ml) and 14.4% and 15.6% respectively. Total IRI and insulin, PLM and percentage PLM after gel filtration in patient 3 before and one week after completion of treatment with 8.75 grams of streptozotocin are correlated with the patient's symptoms in Figure 1 . One week following the last injection of streptozotocin, there was a 6-fold increase in the length of time that fasting would result in hypoglycaemia. Accompanying this clinical change, total IRI decreased to 3.2 ng/ml (80 ~tU/ml). Gel filtration of this sample showed that the insulin fraction was unchanged [1.54 ng/ml (39.0 ~U/ml)] from the pretreatment value, while PLM had decreased to 1.63 ng/ml (40.8 uU/ml) and, as a consequence, the percent PLM had fallen to 51.
During the 19 weeks following treatment, the patient's symptoms returned to a level comparable to those in the pretreatment period. Figure 2 correlates the changes in clinical symptoms in patient 3 with the serum concentrations of insulin and PLM after gel filtration during this time period. As the length of time from the onset of fasting to the onset of hypoglycaemic symptoms decreased from 12 to 2 h, the serum PLM increased. No consistent relation between symptoms and the insulin level was evident.
Discussion
Our data support the concept that the serum PLM concentration is a useful indicator of the activity of islet cell tumours in certain patients. The increases in blood glucose after operative excision of the tumours in two of our patients were associated with reductions in the serum PLM concentration, while insulin levels remained unchanged. In the third patient, the improvement in symptoms after streptozotocin treatment correlated with a decrease in PLM, but not with corresponding changes in insulin. Moreover, when relapse occurred, it was associated with a rise in PLM, but not insulin. A similar correlation between streptozotocin-induced remission and PLM was noted by Blackard et al. [10] .
Our results indicate that the absolute concentrations of insulin and PLM may not be the only factors which determine the course of patients with islet cell tumours. Although the serum of patient 2 (Table 2) contained a 4-fold greater quantity of PLM (and almost twice as much insulin) than that of patient 1 (Table 1) , hypoglycaemic episodes in this patient (No. 2) occurred less frequently. This result suggests the possibility that the character of the intermediates contained in the PLM fraction may differ in the two patients. Chance [11] and Yu and Kitabchi [12] have demonstrated that the hypoglycaemic activity of many of these two chain intermediates, which have single cleavages at the junction of the C-peptide and the A and B chains, is substantially greater than that of the single chain parent precursor, proinsulin. These peptides, while not separated from proinsulin by gel filtration, may be identified using polyacrylamide disc gel electrophoresis [13] . Lazarus and co-workers pointed out the potential importance of these intermediates in determining the bioloNc activity of PLM in a patient with an islet cell carcinoma. The serum of this subject contained a high proportion of two chain intermediates, which were approximately 50% as active as insulin in the rat diaphragm bioassay [14] . We are presently perfecting methods to isolate these intermediates from serum so that we will be able to compare their immunological and biological activity with that of insulin and proinsulin.
We do not suggest a minor contribution of insulin to the production of hypoglycaemia. Although insulin concentrations were low in two of our patients, they may reflect an appropriate response to hypoglycaemia at the time of sample collection. Moreover, it is conceivable that insulin levels may have been elevated at other times if additional samples had been fractionated. The long half life of proinsulin [15] in comparison to insulin may result in raised PLM levels, while the insulin concentrations may have been only occasionally elevated. Gutman et al. [16] showed that slices of an islet cell adenoma ceased to secrete insulin when exposed to a low medium glucose concentration, but continued to secrete proinsulin-like material. If this same phenomenon occurs in vivo in other islet cell tumours, it is possible that insulin release may be appropriately inhibited by a failing circulating glucose concentration. The failure of PLM secretion to cease under these circumstances may indicate a potentially important role for this material in the production of hypoglycaemia by enhancing the effect of the falling serum insulin concentrations.
